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variables that considered in this analysis include power factor, 
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correlation between PQ variables is required to determine the power 
loss on the distribution line of buildings. Using data of PQ variables 
recorded by Fluke Power Analyzer 435 series II, the energy losses of 
the distribution line without/with PQ improvement for each building is 
calculated. Analysis results have shown that the reduction potential 1s 
proportional to the value of PQ variables. Administrative faculty 
building with poor power quality has the potential to reduce its energy 
losses on the distribution line by 52.62% through power quality 
improvement. Civil engineering building group with quite good power 
quality only has the potential to reduce energy losses by 32.81%. 
Overall, the buildings in this faculty have the potential to reduce 
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1, INTRODUCTION 

Three reduction paths of the electric energy consumption can be done in commercial and public 
buildings, including improving the quality level of electric power, increasing the efficiency of electrical 
equipment, and reducing the waste of electric energy use. The electricity consumption reduction through the 
first path 1s made by reducing energy losses on the distribution network in buildings by the improvement of 
the quality level of electric power. The reduction pathway of electricity consumption through inefficient 
replacement of inefficient electric equipment with more efficient equipment has been studied in several kinds 
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of literature [1, 2]. While reducing consumption of electrical energy through reducing waste of electrical energy 
can be done through management approach and automation [3, 4]. This analysis is focused on reducing the 
consumption of electric energy through the path of improving the quality of electric power on the distribution 
lines in the buildings. 

Several events in the power system are often associated with low power quality level, including 
flicker, voltage sag, unbalance loads, harmonic distortion, and lower power factor [5-8]. Among them were 
very influential on increasing power losses are lower power factor, unbalanced loads, and harmonic distortion 
[9-13]. Lower power factor will increase the reactive power or RMS current so that it contributes to the increase 
of power loss in the phase line. Unbalance in load current will cause an increase in the current in the neutral 
conductor. It will increase the power losses in the phase line and the neutral conductor. The value of Total 
Harmonic Distortion (THD) will also increase power loss on the distribution line and the neutral conductor. 

In this paper, the energy losses reduction potential on the distribution line of campus buildings through 
electric power quality improvement 1s analyzed. Power Quality (PQ) variables that considered in this analysis 
include power factor, unbalance current load, and harmonics distortion. Based on the recording results of power 
quality variables data using Fluke Power Analyzer 435 series II, the power loss of the distribution line 
without/with PQ improvement for each building is calculated. 


2. SYSTEM CONFIGURATION 

The study was conducted on the distribution substation in Faculty Engineering, Andalas University. 
The configuration of the substation 1s used as the object of study is shown in Figure |. The substation built by 
a transformer 630 kVA, 20 kV /400V and 3 distribution lines supplying one load respectively, and one other 
distribution line supplying 3 loads. The substations distribute power from the utility grid through line 20 kV 
using NYFGBY cables. Data for each distribution line are shown in Table 1. The load centers comprise 5 
buildings Dept. and 1 building faculty. The department building has a lecturer room, laboratories, reading 
rooms, tutorial rooms, and room service administration. Whereas, the type of equipment that consumes 
electrical energy are computers, air conditioning, lighting, water pumps, dispensers, fan, as well as 
laboratory equipment. 


Utility Grd 





Figure 1. The system configuration of the object study 
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Table 1. Data for Each Distribution Lines 
Lines Specification of cable Distance (m) Ri ine (Q) 


# | NYFGBY 4 x 50 mm? 2x112 0.0264 
#2 NYFGBY 4 x 50 mm? 2x48 0.0111 
#3 NYFGBY 4 x 50 mm? 1x57 0.0260 
#4 NYFGBY 4 x 95 mm/? 1x190 0.0441 


3. MEASUREMENT SYSTEM OF POWER QUALITY VARIABLES 

For analysis, the power loads and its power quality variables of measurement results for each building 
located in the engineering faculty area were carried out using a Fluke Power Log 430-II measuring instrument. 
This measurement is conducted during one week for each building, and for every 10 minutes, 
its data is recorded. Thus, for each building, there are 1,008 measurement steps, with an interval of 10 minutes 
each. In this study, it is assumed that the power load and its power quality pattern will recur periodically for 
each week. The measurement data were analyzed to obtain characteristic curves of power quality variables (in 
Section 3) and to examine the effect of power quality on the power loss (in Section 5) and the influence the 
power quality on the power loss (in Section 5). 
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Figure 2. The Characteristics of power quality Figure 3. The Characteristics of power quality 
variables on the distribution line #1 variables on the distribution line #2 


Figure 2 shows the characteristics of power quality variables for distribution line #1 (mechanical 
engineering building). As shown in Figure 2, the average power factor varies between 84% to 91%, which its 
lowest values were occurring outside working hours. The pattern of characteristics for load current unbalance 
are very fluctuating and irregular, with the percentage of unbalance varying from 3% to 80%. Also, 
the values of THD's load currents can vary from 8.5% to 56%, with the lowest THD values occurring during 
working hours. It happens because outside the working hours, the load that dominated by energy saving lamp 
with high harmonic distortion. The characteristics of power quality variables for the load power of electrical 
engineering building (distribution line #2) is showed in Figure 3. As shown in this figure, the average value of 
the power factor varies between 80.0% to 95.3%, with its average value of 87.7%. The maximum THD, of 
three-phase loads current fluctuates from 11.3% to 36.5%, with its average value of 21.5%. While, the 
unbalance of load current varies wide enough from 3.3% to 84.7%, with its average value of 38.6%. 

Figure 4 presented the characteristics of power quality variables for the load power of the faculty 
administration building (distribution line #3). The variation of average power factor in this building is almost 
similar to the previous buildings. However, the unbalance of the load current is very fluctuating from 0% to 
127.9%, with its average value of only 34.5%. The percentage of the unbalance exceeds the value of 100% 
occurs because the deviation of the load current on one of phase is large enough; its value exceeds the average 
value of load current. While, the maximum THDjof three-phase load current varies from 16.3% to 73.3%, with 
its average value of 44.3%. The characteristics of power quality variables for the load power of civil 
engineering building groups (distribution line #4) is showed in Figure 5. In this building, the variation for 
average power factor and maximum THDy1s normal. However, this distribution line has the lowest average 
power factor among the four existing lines, which is 80.9%. Nevertheless, the load of this group of buildings 
has the lowest average value of THD harmonic current and unbalance load current, which is only 10.15 % and 
21.27 % respectively. 
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Figure 4. Characteristics of power quality variables Figure 5. Characteristics of power quality variables 
on the distribution line #3 on the distribution line #4 


4. ANALYSIS OF CORRELATION BETWEEN THE POWER QUALITY VARIABLES WITH 
POWER LOSSES 

The distribution line power loss that happened in the configuration system, as shown by Figure 1 
consists of phase line power loss and neutral conductor power loss. The quantity of power loss for each 
component is affected by the variables of power quality, such as total harmonics distortion, power factor, and 
unbalance conditions [14, 15]. Figure 6 shows the correlation between power loss and the variables of power 
quality. As shown in this figure, the total harmonic distortion will affect all power loss component in the system. 

Meanwhile, the power factor will influence phase line power loss. The unbalance conditions will 
affect neutral conductor power loss and phase line power loss. Also, the harmonic distortion negatively impacts 
the value of the power factor and unbalanced current. 


Unbalance Current 
Neutral Conductor 
Power Loss 
Total 
Harmonic Distortion 


Phase Line 


PQ Variables 









Power Loss 


Figure 6. The relationship between power loss and the variables of power quality 


4.1. Harmonics Distortion Effect On Power Loss 

The use of electronic equipment, such as Personal Computer (PC), Energy-Saving Light (ESL), 
Uninterruptible Power Supply (UPS), etc., will cause harmonic distortion in current and voltage [16-18]. The 
level of current waveform deviation due to harmonic distortion is usually measured with Total Harmonic 
Distortion (THD) for each phase and step measurement, which is defined as (5): 


| Ii, (i) 
THD , (i) = Nhe2 


x100 1 
I) ” 

where, 

THD,(i) = Total Harmonic Distortion of current for the i” measurement step (%) 

[,(i) = h™ order harmonic current for the i measurement step (A rms) 

1,(i)= fundamental current for the i“ measurement step (A rms) 

The total RMS value of the line current containing harmonic components is expressed by (4): 
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Tn (i) = ‘Dy iyi) (2) 
h=1 


where [ims (i) is the RMS current for the i“ measurement step (rms). 
From (1) & (2), the relationship between /ims(i) and THD) can be expressed as: 


(3) 


BPO 
100 


Tims @) = FQ) I 


As shown by (3), the total value of the arms current will increase with the rise in the value of THDy. 
The total value of rms line current for the three-phase line will determine the quantity of phase line 
power loss, as shown by the following equation: 


: 2 : 2 : 2 : 
E aehase loss (1) 7 2, ~Aphase (1) a Doms —Bphase (1) a pa —Cphase (i) IR iin (4) 
where Riine 18 the line resistance that given in Table 1. 


4.2. Lower Power Factor Effect On Power Loss 

The use of inductive loads, such as water pumps, air conditioning, fan, etc., will cause a decrease in 
the power factor of the system. The decline in power factor will cause an increase in the line current, as shown 
by the following equation: 


FQ) 


.o2.— 
(O* Bi, OIPFO 


(5) 


where: 
TPF(i) =True Power Factor for the i measurement step 
P, (i) = Three-phase power load for the i measurement step (Watt) 
Increased in the current phase line as a result of a decrease in power factor will cause an increase in power 
losses on the phase line. 

In the distribution network that contains harmonic current distortion, the true value of the power factor 
will be affected by the amount THD), which is shown as [19, 20]: 








fad —— (6) 
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1+ 1+ 
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where, 

DPF(i)= Displacement Power Factor for the i measurement step 

DPF) is the power factor of the fundamental component only, while 7PF(i) is a power factor considering the 
fundamental and harmonic components. In the (5) can be shown that the increase in the value of THD; will 
cause a decrease in the value of TPF, which further increases the line current or power losses on the network 
system. 


4.3. Unbalance Effect on Power Loss 

The unbalance in the system can occur for several reasons, including the load unbalances, 
the unbalance of the power supply, or the unbalance impedance of power distribution network. In this analysis, 
the discussion focused on the unbalance power system due to the load unbalance. The load unbalances mainly 
triggered by the use of | phase load that distributed evenly to the entire phase. The percentage of the unbalance 
of the load current can be expressed by the following equation [21, 22]: 


maximum deviation from avarage current for three - phase(R, S, T) (7) 


%o I =100x 


unbalance avarage current for three - phase(R, S, T) 
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In this configuration a four-line system is used, each of which transmits the line current in phase R, 
S, T, and neutral conductor current /y. The relationship between each line phase and neutral current can be 
given as: 


Ty Q) = Fp @) + £5 @) + £7) (8) 


where, 
Ivy (i) = line neutral current for the i“ measurement step (Amper) 
Ig(i), [s(i), Ir(i) = load current in phase R, S, T for the i“ measurement step 

Under balance load conditions, the neutral conductor current Jy 1s zero. The existing of unbalance 
phase current will cause the current flowing in the neutral conductor. The neutral conductor current will cause 
power loss by: 


Pn (i) =In(i)?RN (9) 


where Ry is neutral line resistance, Py (i) is power loss in the neutral conductor for the i“ measurement. 

In the distribution system containing harmonics, the magnitude of the neutral current Jy will be 
increased by increasing the component zero sequence component of harmonic currents. The zero sequence 
component is a harmonic component with a multiple order of 3, known as the Triplen harmonic. The triplen 
harmonics will increase the current of the neutral conductor and simultaneously increase power loss on this 
line [23, 24]. Also, the load current unbalances will also increase power loss on the phase line [21, 25]. 


4.4. Energy Losses Reduction Potential 
The energy losses in the line phase for the i“ measurement step Ejosses(i) can be calculated as, 


i=k—1 


Poppies = »: {Pyonase-toss() 7 Py (ine (10) 


i=l 


where, 
k = amount of measurement step 
At = time interval between 2 steps of measurement (hour) 
In this study, Aris set 10 minute or 1/6 hour. 
The energy losses reduction potential can be calculated as, 


i 
IEE cies ry 
k-1 


i 
- Preceded) Bs Py oy 
a after improverent PQ 


1 


k-l 


Poti) ot Py oh 


= 
— 


before improvement PQ ( 11 ) 


5. RESULTS AND ANALYSIS 

The results of the analysis of power loss and energy losses in the distribution lines of buildings in the 
Faculty of Engineering, Andalas University in conditions without/with power quality improvements were 
presented and discussed in this section. In this analysis, improvements in power quality through increased 
power factor and load balancing were carried out to the maximum, while the harmonic current reduction was 
carried out for THDI values exceeding 5%. 

Figure 7 shows the results of an analysis of the effect of power quality improvement on power loss 
along the phase line and neutral conductors on the distribution line of mechanical engineering building (line 
#1) during one week. As shown in Figure 8, the effect of power quality improvement on the power loss 
reduction in this building is relatively significant. It is mainly due to variations in unbalance and THD of load 
currents relatively large, as described in Figure 2. 

The analysis results of the effect of improving power quality to power loss on the distribution line of 
electrical engineering building (line #2) during one week are shown in Figure 8. As shown in this figure, power 
loss on Thursday is almost as small as power loss on Saturday and Sunday. This situation occurs because the 
electricity consumption is relatively small on Thursday, which is a public holiday. Whereas every Tuesday is 
usually conducted practicum activities in the laboratory, but at the time of measurement, there 1s no schedule 
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for practice. Therefore, power losses on Tuesday are also relatively small. In this building, the balance and 
harmonic load currents also have a significant effect on increasing losses in the distribution line. 
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Figure 7. Analysis result of the effect of power quality improvement to power loss reduction on the 
distribution line #1during one week 


— Without Improvement Power Quality —— With Improvement Power Qualit 


140) 





























aD 


Power Loss (Watt) 


40 








| ; = m1 = pot - = 
0209 12:09 O09 i209 209 oS a OS a 9 o:09 12:09 
Friday Saturday Sunday Monday Tuesday Wenesday Thursday 


Hours/Days 


Figure 8. Analysis result of the effect of power quality improvement to power loss reduction on the 
distribution line #2 during one week 


Figure 9 has shown the results of an analysis of the effect of improving power quality to the power 
loss on the distribution line of the Faculty Administration building (line #3) during 1 week. As shown in this 
figure, power loss on this line 1s relatively low because the load current is relatively small, and the line length 
is the only 57m. However, in its load, there is a very large unbalance, with the percentage imbalance reaching 
127.9% (see Figure 4). It will produce a very significant effect on the decrease in power loss if a percentage of 
the unbalance is reduced. 

The results of the analysis of the effect of power quality improvement to the power loss on the 
distribution line of the Civil Engineering building group (line #4) during | week are shown in Figure 10. 
The power losses in these group buildings are the biggest compared to other buildings. It is due to the large 
load currents and the distribution line length reaching 190 m. However, this building has better power quality 
than other buildings, so the percentage reduction in power losses will be lower, as shown in Figure 10. 

Table 2 has present the results of energy losses reduction analysis through increasing power quality 
on the distribution line of each building in the Faculty of Engineering, Andalas University. The biggest energy 
losses occur on the distribution line of Civil Engineering Group buildings, with energy losses reaching 
88478.47 Watt-hour during one week. Meanwhile, the smallest energy losses occur in the distribution line of 
Administration Faculty Building, with energy losses of 2663.02 Watt-hour during one week. This condition 
occurs because the Civil Engineering building group consists of 3 buildings with the largest electric load and 
longest distribution line length, which results in producing large energy losses. However, Civil Engineering 
groups building has the smallest percentage of energy losses reduction potential (32.81%), and the 
Administration Faculty building has the largest percentage of energy losses reduction potential (52.62%). This 
condition can be understood because Civil Engineering groups building has a relatively better PQ variable, 
with an average THDI of 10.15%, current unbalance of 21.27%, average power factor of 80.88%. Meanwhile, 
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the Faculty Administration Building administration has a poor PQ variable, with an average THDI of 44.29% 
and current unbalance of 34.55%. 
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Figure 9. Analysis result of the effect of power quality improvement to power loss reduction on the 
distribution line #3 during one week 
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Figure 10. Analysis result of the effect of power quality improvement to power loss reduction on the 
distribution line #4 during one week 


Table 2. The Results of the Reduction of Electric Energy Losses Through PQ Improvement During One 


Week 
Energy Losses (Watt-hour) Energy Losses Reduction 
Buildings Potential 
without PQ improvement with PQ improvement Watt-hour % 

Mechanical Eng. 11725.04 7151.49 AS15095 39.01 
Electrical Eng. 4796.01 2747.09 2048.92 42.72 
Admin. Faculty 2663.02 1261.70 1401.32 52.62 
Civil Eng. Groups 88478.47 59447.93 29030.54 32.81 
Faculty Total 107662.54 70608.21 37054.33 34.42 


6. CONCLUSION 

The energy losses reduction potential of distribution line on buildings in Engineering Faculty, Andalas 
University has been successfully analyzed in this study. From the analysis results, an increase in power quality 
with the standard expected during one week will cause a decrease in energy loses from 107,662.54 Watt-hour 
to 70,608.21 Watt-hour, with total energy losses reduction by 37,054.33 Watt-hour or 34.42% from total energy 
losses on the distribution line. The amount of reducing energy losses reduction on the distribution line for each 
building is proportional to the power quality level of the load power. The biggest percentage reduction in 
energy losses has occurred in the Faculty Administration building, while the lowest percentage of energy losses 
has occurred in the Civil Engineering Building Group. The amount of energy losses that can be reduced through 
the path of increasing PQ is smaller than other energy losses reduction pathways, such as replacing inefficient 
equipment with more efficient equipment and waste energy activities. However, this reduction line must remain 
a priority because of the poor power quality can also cause interference with the supply of electrical energy. 
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